Using 1979 and 1980 data, rehospitalization 
Introduction and background
Presented in this article are findings from the third study of outcomes for several common surgical procedures performed on aged Medicare beneficiaries. In the first study, post-surgical mortality rates in the hospital and upto 12 months following surgery were examined (Lubitz, Riley, and Newton, 1985) . Ageand sex-specific mortality rates were presented, as well as mortality rates by census region. It was found that mortality rates for several procedures were significantly lower in the West; it was also found that nationally mortality for some procedures was above the prevailing rate for the Medicare aged population for up to a year after surgery. In the second study, the relationship between mortality and surgical volume in individual hospitals was examined . From that study, it was concluded that for some procedures lower mortality rates were associated with increased surgical volume. In this article, based on the third study, we look at rehospitalizations (also referred to as readmissions) following the same set of procedures studied previously.
Rehospitalization after surgery is an important aspect of the overall patterns of care provided to surgical patients. Readmission to the hospital can occur for treatment of a variety of conditions, including post-surgical complications, comorbid conditions, and the effects of nosocomial infections or other problems related to the initial hospital stay. Readmission may also be necessary to perform additional procedures that the patient was unable to undergo during the initial stay. Of course, the reason for readmission may also be unrelated to the original surgery. To the extent that readmissions are related to avoidable complications arising from the initial surgical stay, readmissions are a measure of postsurgical outcome.
Variations and trends in patterns of rehospitalization can also provide insights into underlying uncertainties in medical practice, as well as into responses to financial incentives facing physicians and hospitals. In particular, patterns of rehospitalization among aged Medicare surgical patients are of interest now because of the implementation of prospective payment to hospitals under Medicare. Prospective payment is expected to produce financial incentives that may radically change patterns of hospitalization, including readmissions. For example, hospitals have an incentive to discharge patients as early as possible because the hospital receives a fixed amount regardless of the length of stay of a particular case. This may result in some patients being discharged prematurely, with a subsequent need to return to the hospital. It has been anticipated that hospitals may "unbundle" services under prospective payment, i.e., admit a patient twice to perform two procedures that normally could be performed during one stay. To date, there has been no evidence of an increase in hospital admissions under prospective payment, however (Health Care Financing Administration, 1985) .
Rehospitalizations are of general interest because patients experiencing multiple admissions account for a large portion of hospital expenditures (Anderson and Steinberg, 1984; Zook'et al., 1980) . Anderson and Steinberg (1984 ) estimated that, between 1974 and 1977 , 24 percent of Medicare inpatient hospital expenditures were attributable to readmissions that occurred within 60 days after a discharge. They also found that readmission rates within 60 days after discharge did not vary with age among beneficiaries over 65 years of age, and that the probability of readmission was higher for males, beneficiaries living in rural areas, Medicaid-eligible beneficiaries, and beneficiaries undergoing surgery. Guralnick and Resnic (1974) investigated multiple short-stay hospitalizations among Medicare beneficiaries in 1967. They found that one-fourth of all hospitalized persons were discharged from a shortstay hospital more than once in the year, and that 46 percent of discharges were attributable to those persons hospitalized more than once. They also found that the probability of multiple hospitalizations was higher for males than for females, and that the risk of multiple hospitalizations, given that one hospitalization had already occurred, rose with age, though the rise was slight. Gornick (1977) described the rehospitalization experience of a sample of discharged patients in 1972-73, including both medical and surgical discharges. She found that a large number of readmissions occurred within 21 days after discharge (24.7 percent of readmissions during 1972-73 occurred within 21 days after a prior discharge), and that a significant number occurred on the same day as discharge (3.6 percent of readmissions). She also found considerable regional variation in hospitalization rates, and she noted that States with high hospitalization rates also had high rates of multiple hospitalizations. Regional rates of rehospitalization following selected procedures are provided in this article.
Characteristics (age and sex) of the beneficiaries who experience rehospitalization following specific kinds of surgery and the types of diganoses and procedures associated with their subsequent stays will be described here. Patterns of rehospitalization for aged Medicare beneficiaries who have undergone the following surgical procedures were examined in this study:
• Transurethral prostatectomy (TUR).
Those with a principal diagnosis of cancer. Those with a principal diagnosis other than cancer.
• Cholecystectomy.
• Repair of inguinal hernia.
• Coronary artery bypass.
• Reduction of fracture of the femur.
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• Total hip replacement.
• Other arthroplasty of the hip. These procedures were selected for the study because (with the exception of coronary artery bypass) they are among the most frequently performed on the aged. In 1980, hospital discharges for these operations comprised 14 percent of the 3.1 million total surgical discharges among the 26.5 million aged persons in the United States enrolled under Part A (Hospital Insurance) of Medicare.
Although the surgical codes contained in the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) do not identify the specific part of the femur that is fractured, the majority of breaks for elderly patients occur at the neck of the femur. In this study, over 90 percent of patients with a principal diagnosis of a fractured femur had a fracture of the neck of the femur, Rehospitalization rates are contrasted for different age and sex groups and regions of the country. Rehospitalization data are also provided for various time periods following the surgical stay.
Data and methods
The data sources for this study are the 1979, 1980, and 1981 Medicare provider analysis and review (MEDPAR) files, which are part of the Medicare Statistical System of the Health Care Financing Administration. The annual MEDPAR files contain information on discharges from short-stay hospitals for a 20-percent probability sample of Medicare beneficiaries selected on the basis of their Medicare identification numbers. The information includes demographic data (e.g., age and sex), hospital data (e.g., size and location), and information about the stay (e.g., principal surgical procedure, principal diagnosis, and whether the patient died in the hospital). In 1979-81, the principal surgical procedure and principal diagnosis were coded for each discharge using the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM).
The hospital discharge is the unit of analysis for this study. Discharges of aged beneficiaries occurring in 1979 and 1980 with the appropriate ICD-9-CM procedure codes were selected and pooled across both years. Information on up to four subsequent hospitalizations within a year of surgery was obtained from the MEDPAR file and appended to the record for the index case. If an individual underwent more than one hospitalization for study procedures during 1979-80, each discharge was included as a separate observation. Cases with a principal diagnosis of cancer for the stay in which the study procedure was performed were excluded from the sample because there were very few patients with a principal diagnosis of cancer, and it was assumed that rehospitalization rates for cancer patients would be determined to a large extent by their disease and would be less influenced by their operations per se. Cancer patients were included among the transurethral prostatectomy patients, however, because of their larger numbers (17 percent of all TUR discharges); and they are reported separately in the tables. This group will be referred to as prostatectomy (TUR-CA) in the text.
All rehospitalizations were included in the analysis, regardless of the reason for them. In the case of total hip replacement, this means that some of the rehospitalizations included in the tables are for replacement of the second hip. Among total hip replacement patients, 5 percent of the rehospitalizations occurring within 30 days after discharge had another total hip replacement recorded as the principal surgical procedure on the MEDPAR bill.
An important potential limitation of the data concerns the reliability of diagnostic and procedure data in the Medicare Statistical System. The Institute of Medicine (IOM) (1979) compared diagnostic and surgical information on the Medicare record with that obtained by a trained field team that reabstracted hospital records for a sample of Medicare patients. Discrepancies were found for many diagnoses and procedures. There was a discrepancy between the IOM abstract and the Medicare record regarding the procedure in 21 percent of the cases reviewed. The 21-percent disagreement rate included disagreements about whether or not a procedure was performed and also about the nature of the principal procedure. In 43 percent of the cases in which Medicare records indicated a procedure was performed, there was a disagreement between the Medicare record and the IOM record on what the correct code was. Most of the discrepancies were caused by incomplete narrative information on the claim form from which codes were assigned.
Other errors included routine misuse of the coding system and the improper designation of one of several procedures as the principal one. Some types of errors might result in some undercounting of certain procedures but would not invalidate the information obtained for those cases identified for our study. Others are undoubtedly minor in nature and would not affect the study (e.g., most errors affecting only the fourth digit of the surgical code). The IOM study did not reveal any errors that would appear to systematically bias our study results.
Because the study data constitute a 20-percent sample of discharges for selected procedures, there is sampling error associated with the estimates presented in the tables. (Estimated standard errors for selected tables are available from the authors on request.)
Results
National estimates of the annual number of noncancer-related live discharges for the study procedures are given in Table 1 , along with an estimate of cancer-related prostatectomies (TUR-CA). It should be noted that these estimates are probably somewhat low because prior to 1983 only the principal surgical procedure was coded for each inpatient bill. Of the study procedures, prostatectomy (TUR) accounted for the most discharges, with an overall average of 142,930 annually, followed by cholecystectomy (87,614) and inguinal hernia repair (84,090). Coronary artery bypass was the least common of this group of procedures (15,093 annually). The average annual numbers of discharges per 10,000 aged enrollees in 1979-80 for these procedures have been published (Lubitz, Riley, and Newton, 1985) .
Because the focus of this article is rehospitalization following surgery, only surgical stays from which the patient was discharged alive were included in Table 1 and in subsequent tables. This is the population considered "at risk" for rehospitalization. The percent of all patients undergoing the study procedures in 1979-80 who were discharged alive are shown in Table 2 .
Patients undergoing reduction of fracture of the femur, coronary artery bypass, and other arthroplasty of the hip had inhospital mortality rates of 4 to 5 percent, whereas patients in the other study categories had death rates of 0.5 to 2.5 percent.
During the period 1979-80, the number of patients undergoing one or more rehospitalizations within 30 days after discharge, per 10,000 live discharges, was highest for coronary artery bypass, at 1,633 per 10,000 (Table 3 ). This finding is consistent with the fact that, among these eight procedure groups, coronary artery bypass patients exhibited many of the highest age-and sex-specific mortality rates within 1.5 months following surgery (Lubitz, Riley, and Newton, 1985) . Rehospitalization rates were also high for patients undergoing prostatectomy (TUR-CA) (1,379 readmitted per 10,000 discharges), other arthroplasty of the hip (1,187 readmitted per 10,000 discharges), and reduction of fracture of the femur (1,178 per 10,000). Patients undergoing the latter two procedures also exhibited high rates of mortality following surgery (750 deaths per 10,000 procedures and 878 deaths per 10,000, respectively, in the 1.5 months following surgery). The lowest rates of rehospitalization were experienced by patients undergoing repair of inguinal hernia (508 per 10,000), who also had low mortality rates. It is interesting to note that prostatectomy (TUR) patients had higher rates of rehospitalization (1,071 per 10,000) than did cholecystectomy patients (806 per 10,000), although the number of deaths per 10,000 for cholecystectomy patients substantially exceeded those for prostatectomy (TUR) patients (372 and 214 within 1.5 months following surgery, respectively).
The data in columns 2 and 3 of Table 3 can be used to show that of all patients reentering a hospital within 30 days after discharge, between 34 and 47 percent (depending on the initial procedure) were readmitted within a week following surgical discharge. This indicates that a significant portion of readmissions occur within a very short time after discharge. The relative frequencies of readmission within 7 days after discharge were similar to those for readmissions within 30 days after discharge; the difference is that prostatectomy (TUR-CA) exhibited the fourth highest readmission rate within 7 days after discharge and the second highest rate within 30 days after discharge. Some surgical patients were rehospitalized on the same day as discharge from the surgical stay. These figures include patients who were transferred from one short-stay hospital to another. Transfers to long-term hospitals are not included in the table because the MEDPAR file includes discharges from short-stay hospitals only.
The same-day readmission rate varied somewhat more among procedures than did the rehospitalization rates within 7 and 30 days. Patients undergoing reduction of fracture of the femur and other arthroplasty of the hip had the highest same-day readmission rates of 300 and 269 per 10,000, respectively. Patients undergoing inguinal hernia repair, prostatectomy (TUR), and cholecystectomy had same-day readmission rates of only 25, 52, and 59 per 10,000, respectively. The high rates of same-day rehospitalization for reduction of fracture of the femur and other arthroplasty of the hip patients may reflect transfers to rehabilitation hospitals for recovery following repair of a fractured hip. Data in columns 1 and 3 of Table 3 indicate that patients undergoing immediate readmission as a percent of all patients undergoing readmission within 30 days after discharge varied from 5 percent (prostatectomy, both CA and other, and inguinal hernia repair) to 25 percent (reduction of fracture of the femur).
Several patterns are evident in the rehospitalization data with respect to age and sex (Table 4) . For reduction, fracture of femur, and other arthroplasty of hip rehospitalization rates differed little by age. For prostatectomy (TUR-CA) rates were lowest for patients 75-84 years of age. For all other procedures, rehospitalization rates increased with age (e.g., for cholecystectomy, the rates were 89 percent higher for those 85 years of age or over than for those 65-74 years of age). This differs from the findings of Anderson and Steinberg (1984) , who found no difference in readmission rates within 60 days following discharge by age. Their analyses included both medical and surgical stays, however. Substantial differences by sex are also evident in Table 4 . Females tended to be rehospitalized less frequently than males in the 30 days following discharge, with the exception of all coronary artery bypass patients and total hip replacement patients 65-74 years of age, where rates for females were higher. For example, among cholecystectomy patients, males were readmitted 26 percent more often than females.
Regional comparisons
The rehospitalization experience of the beneficiaries undergoing the study procedures often varied significantly by region (Table 5 ). The table provides information on the number of persons rehospitalized per 10,000 live discharges and on the number of hospital days associated with readmissions occurring within 30 days after discharge, per 10,000 live discharges. The latter measure is included in the table to take recognition of the fact that, although certain regions (notably the Northeast) tended to have low readmission rates, their average lengths of stay tended to be long, and therefore the number of hospital days associated with readmission tends to be high. The regional rates presented in the table are age and sex standardized to the U.S. sample population by the direct method. This means that the standardized regional rates represent what the overall regional rates would have been if each region had the Nation's age and sex distribution of patients, given the age-and sex-specific rates observed in each region. Statistically significant differences in regional rates were identified by making six pairwise comparisons among the regions for each procedure (testing for differences in proportions for the rehospitalization rates and using t-tests for number of days) and applying an α = .0083 (or .05 ÷ 6) level of significance.
For five of the eight procedures, significant regional differences were observed in the number of patients rehospitalized per 10,000 live discharges. Significant regional differences were also identified for four procedures with respect to the number of days associated with readmissions occurring within 30 days after discharge, per 10,000 live discharges. In particular, patients in the Northeast had the lowest rehospitalization rate among the four regions for seven of the eight procedures. The difference between the rehospitalization rate for the Northeast and that for one or more of the other regions was statistically significant for five procedures. The Northeast had the highest number of days associated with readmissions within 30 days for five of the eight procedures, however, because of its longer average length of stay. Conversely, the West had the lowest number of days associated with rehospitalization for seven of the eight procedures because of its short length of stay (the difference between the West and at least one other region was significant for four procedures). The South and North Central Regions tended to have the highest rehospitalization rates, accounting for the two highest readmission rates out of the four regions for six of the procedures. The South had particularly high rates of rehospitalization for cholecystectomy, reduction of fracture of the femur, and other arthroplasty of the hip, with rehospitalization rates that were significantly higher than those for each of the other three regions. Unadjusted State-specific rehospitalization rates are available from the authors upon request.
The regional patterns in rehospitalization rates described above agree closely with regional patterns of hospitalization found by Gornick (1977) . She found that in 1972 the Northeast had the lowest discharge rate per 1,000 enrollees (261.0) and the South the highest (328.6). We examined the relationship between hospitalization rates and rehospitalization rates on an operation-specific basis for our set of study procedures. This was done by computing a Spearman's rank correlation coefficient for regional hospitalization and readmission rates, adjusted for age and sex differences among regions. Hospitalization rates were computed as numbers of specific procedures per 10,000 aged Medicare enrollees. In order to make hospitalization and readmission rates comparable across procedures, each procedure-specific regional rate was first divided by the U.S. rate for that procedure. This was done for both hospitalization and readmission rates. The regional rates, divided by the U.S. rates, were then pooled across the eight procedures, yielding 32 pairs of hospitalization and readmission data. The correlation coefficient for these data was .40, which was significant at the .05 level. Therefore, in regions where beneficiaries tended to undergo relatively large numbers of certain procedures, they also tended to be rehospitalized more often following these procedures.
Length of surgical stay
Readmission rates may be expected to vary with differences in the length of stay of the hospitalizations in which the surgeries were performed. Patients with longer than average length of stay often have complications or comorbid conditions that require additional treatment and may also lead to subsequent readmission. Patterns in rehospitalization rates by length of preceding stay are of particular interest at this time because, under prospective payment, there may be a financial incentive to discharge patients that exceed average lengths of stay if such patients are perceived as being a source of unreimbursed expenses. It is also possible that patients with very short lengths of stay may frequently need to return to the hospital.
Age-and sex-adjusted rehospitalization rates by quartile of the length of the surgical stay are given in Table 6 . The adjusted rates represent what the rehospitalization rate would have been in each quartile if all quartiles had the same age and sex distribution as the average of all patients undergoing the particular procedure. For each procedure, the rates of readmission varied directly with the length of the original surgical stay. For patients undergoing cholecystectomy and inguinal hernia repair, the range in readmission rates was largest. Readmission rates for inguinal hernia repair patients in the lowest quartile with respect to length of surgical stay were only 31 percent of the readmission rates for patients in the highest quartile; readmission rates for cholecystectomy patients in the lowest quartile were 36 percent of those for patients in the highest quartile. Readmission rates did not vary as strongly with length of stay for patients undergoing reduction of fracture of the femur. Readmission rates were nearly identical for the two lowest quartiles of length of stay, and patients in the lowest quartile had readmission rates 77 percent of those for patients in the highest quartile.
Comparison of hospitals by location
Patients undergoing surgery in hospitals located in standard metropolitan statistical areas (SMSA's) were readmitted to a hospital within 30 days after discharge less often (after adjusting for age and sex differences) than those undergoing surgery in non-SMSA hospitals (Table 7) . For all procedures except total hip replacement, patients undergoing operations in SMSA hospitals were rehospitalized between 82 and 87 percent as often as patients undergoing operations in non-SMSA hospitals. For total hip replacement patients, readmission rates were similar for those undergoing operations in SMSA and non-SMSA hospitals. Anderson and Steinberg (1984) found higher readmission rates within 60 days after discharge for beneficiaries residing in rural areas. These differences may be the result of several factors. Small rural hospitals may frequently transfer more complicated cases to urban tertiary care hospitals. Some sophisticated equipment and facilities maintained in physicians' offices and clinics in urban areas may be available only in hospitals in rural areas, necessitating some readmissions for followup care. Case mix may also differ among geographic areas.
The differences in rehospitalization rates between SMSA and non-SMSA areas may be related to the regional differences noted earlier. The Northeast, which exhibited the lowest readmission rates, had the lowest percent of patients residing in non-SMSA areas for most procedures, with the West exhibiting a similar concentration of patients in SMSA areas (data not shown) 2 . The North Central and South, which had the highest rates of rehospitalization, also had the highest percents of patients residing in non-SMSA areas.
Patterns through time
Patients who undergo the study procedures tend to have higher than average hospitalization rates for several months following discharge (Table 8) . Data in Table 8 provide the ratio of all observed hospitalizations to those expected if the sample patients experienced the prevailing hospitalization patterns of the Medicare aged population in total. (This ratio will be referred to as the hospitalization ratio.) The expected hospitalization experience is estimated by dividing total Medicare discharges for 1980 by the 1980 mid-year enrollment, then prorating by 30 or 90 days. The expected numbers of hospitalizations per 10,000 aged enrollees for a 30-day period by age and sex are available from the authors.
Although observed hospitalization rates for the sample patients are being compared with the prevailing hospitalization rate in the Medicare aged population, it should not be inferred that post-surgical patients are truly "expected" to experience prevailing hospitalization patterns shortly after surgery. Surgical patients sometimes have poor underlying health (particulary nonelective cases), and any surgery-related complications may lead to additional hospitalizations. Consequently, data in Table 8 are not intended to measure excessive or unnecessary hospitalizations, but they are presented as a descriptive measure that puts NOTES: Expected number of readmissions is based on the age-and sex-specific rates of the entire Medicare aged population applied to the populations of patients undergoing the individual procedures. All ratios are significantly above 1.00 at the .05 level. post-surgical hospitalization patterns into clearer perspective.
Coronary artery bypass patients had the highest hospitalization ratio in the first month following discharge (6.67), although prostatectomy (TUR-CA) patients had the highest hospitalization ratios in the following months (e.g., 2.47 in months 7-9). Hospitalization ratios were relatively high for all groups of patients in the first month following discharge, decreased substantially in the second month, and continued to decrease slowly after that. These ratios remained significantly above 1 for the entire 9-month period following discharge for all eight study procedures, even though the mortality experience for some categories of patients returned to normal well before then (Lubitz, Riley, and Newton, 1985) .
The percent of patients with multiple rehospitalizations within 6 months after discharge is given in Table 9 . Prostatectomy (TUR-CA) patients tended to undergo multiple rehospitalizations more often than other patients (15.3 percent underwent two or more rehospitalizations within 6 months after discharge). Coronary artery bypass patients tended to undergo multiple hospitalizations with the second highest frequency (10.2 percent underwent two or more rehospitalizations). Inguinal hernia repair patients exhibited the lowest multiple rehospitalization rate (only 4.6 percent underwent two or more rehospitalizations).
Rehospitalization: Conditions and procedures
The most common conditions for which study patients were rehospitalized within 30 days after discharge are listed in Table 10 . Not surprisingly, the most common reasons for rehospitalization usually involved the same body systems that were involved in the original surgery. For example, over one-half of the rehospitalizations attributable to coronary artery bypass patients involved diseases of the circulatory system, as measured by the principal diagnosis listed on the Medicare record. This represented 973 rehospitalizations per 10,000 live discharges for coronary artery bypass patients. Similarly, 29 percent of rehospitalizations following cholecystectomy involved diseases of the digestive system, and 25 percent of those following prostatectomy (TUR) involved diseases of the genitourinary system. Fractures were common reasons for rehospitalizations following reduction of fracture of the femur (23 percent) and other arthroplasty of the hip (16 percent). In addition, 45 percent of rehospitalizations following prostatectomy (TUR-CA) were for treatment of neoplasms. This indicates that for many patients the condition that necessitated the original surgery, or a related problem, was associated with followup hospitalization. For patients undergoing prostatectomy (TUR-CA), prostatectomy (TUR), total hip replacement, and coronary artery bypass, complications of surgical and medical care were fairly common reasons for readmission, accounting for 6, 11,8, and 5 percent of rehospitalizations, respectively. Symptoms, signs, and ill-defined conditions were also a common reason for rehospitalization following all procedures.
The most common surgical procedures performed during rehospitalizations within 30 days after discharge are summarized in Table 11 . For each of the eight procedures studied, the most common followup procedures performed during rehospitalization involved the same body system as the original operation did. For example, total hip replacement patients underwent 169 operations on the musculoskeletal system per 10,000 live discharges, accounting for 19 percent of all readmissions within 30 days. Prostatectomy (TUR) patients underwent 141 operations on the urinary system or on the genital organs per 10,000 live discharges, accounting for 12 percent of all readmissions. This suggests that patients undergoing the types of surgery included in this study often receive followup surgical treatment for the underlying condition that necessitated the original surgery or for a related problem.
Discussion and conclusions
Rehospitalization following surgery is an important measure of patient outcomes. It is often an indication of complications related to the surgery or of continued care for the condition that necessitated the surgery. Although rehospitalization rates are not as easily interpretable as mortality or direct measures of morbidity, they can provide significant insights into outcomes and patterns of treatment.
The number of surgical patients rehospitalized within 30 days after discharge per 10,000 discharges was high for some procedures. Among coronary artery bypass patients, 16 percent were rehospitalized within a month; 12 percent of other arthroplasty of hip and reduction of fracture of the femur patients were also rehospitalized within a month. These procedures also ranked high on post-surgical mortality rates (Lubitz, Riley, and Newton, 1985) .
The most frequent principal diagnoses associated with readmission suggest that many patients are rehospitalized for the same problem (or a related problem) as that which prompted them to undergo surgery in the first place. For example, prostatectomy (TUR) patients were most frequently rehospitalized for diseases of the genitourinary system, cholecystectomy patients for diseases of the digestive system, prostatectomy (TUR-CA) patients for neoplasms, and reduction of fracture of the femur patients for fractures. Complications of surgical and medical care was also a fairly common reason for readmission for patients undergoing prostatectomy (TUR), coronary artery bypass, total hip replacement, and prostatectomy (TUR-CA).
Strong regional differences exist in the incidence of readmissions that tend to mirror regional patterns in the hospitalization rates for these procedures. In particular, the Northeast Region usually had the lowest rates of readmission with the South and North Central Regions often exhibiting the highest. The fact that similar regional patterns in hospitalization rates were found in this study, as well as in earlier ones, suggests that the same factors that produce regional variation in overall hospitalization also apply to readmission following surgery. Such variation may be related to differences in physician training, practice styles, case mix, or other factors. The regional differences in rehospitalization rates may be related to the fact that readmissions were found to be less frequent when the operation was performed in a hospital located in an SMSA. The Northeast and West had the lowest proportion of patients residing in non-SMSA's, and the North Central and South had substantially higher proportions of such patients. We also noted that, because of differences in average length of stay, the average number of hospital days associated with readmission occurring within 30 days after discharge per 10,000 live discharges was lowest in the West and very high in the Northeast.
It is interesting to note that hospitalization rates after surgery remained higher than the rates for the Medicare population in general for at least 9 months following discharge for all eight procedures, although the first article in this series showed that mortality rates for some categories of patients returned to normal levels shortly after surgery. It is a well-known fact that, for Medicare beneficiaries, past use of health care services, including hospital services, is positively correlated with subsequent use of services (Beebe, Lubitz, and Eggers, 1984; Eggers, 1982; Anderson, Resnic, English et al., 1982; McCall and Wai, 1983) . Regarding the high level of hospital use of our study patients following surgery, we do not know whether their underlying health was worse than that of the Medicare population at large, whether they continued to suffer complications related to their surgery, or whether they were more inclined to use hospital services for other reasons. For example, they may have regular physicians who tend to prescribe higher than average amounts of hospital care.
The readmission patterns reported here will serve as baseline information for evaluation of the impact of prospective payment on Medicare beneficiaries and program costs. For example, changes in readmission rates could have strong cost implications. Readmissions data can also provide indirect information on the effects of changes in quality of care. Conclusions about quality of care cannot be made solely on the basis of readmission data, however, and must take account of the limitations in readmissions as a patient outcome measure.
Rehospitalization rates often tended to be considerably higher for patients with a lengthy surgical stay. This is a potentially important group of patients to monitor for changes in readmission rates because of possible institutional pressures to discharge these patients prematurely. Too early discharge for patients suffering complications could lead to subsequent hospitalization for the same condition. Preliminary data indicate that reductions in average length of stay between 1981 and 1984 have occurred throughout the distribution of stays, however, and do not appear to have been concentrated on the longer stays (Helbing, 1985) . Incentives under the prospective payment system could conceivably change the nature of the relationship between rehospitalization rates and the length of surgical stay. For example, if many patients in the lower quartile were discharged prematurely, then one may begin to see an inverse relationship between rehospitalization and length of surgical stay.
Peer Review Organizations (PRO's) will have an important role in assessing the appropriateness of readmissions under prospective payment. Under their contracts, PRO's will review all readmissions (to either the same or other hospitals) occurring within 7 days after discharge. As part of its review, the PRO will make a determination as to whether the patient was discharged prematurely, and it will submit a report to the appropriate HCFA regional office on each premature discharge. The fact that high rates of readmission persist for months after surgical discharge suggests that consideration should be given to extending PRO review time beyond 7 days after discharge. PRO's will also review the medical appropriateness of all transfers to other hospitals and to skilled nursing facilities (SNF's), including distinctpart SNF's associated with the transferring hospital. Roos, Cageorge, Austen et al. (1985) have demonstrated that diagnostic information taken from claims data can be used to identify surgical complications that result in readmissions. Using Health Services Commission data from Manitoba, they developed computerized algorithms for identifying complications following prostatectomy, cholecystectomy, and hysterectomy that exhibited high rates of sensitivity and specificity. Roos et al. pointed out that such algorithms can be used to inexpensively monitor surgical outcomes and assess quality of care. They mentioned that such algorithms may be particularly useful to PRO's. Bunker and Fowles (1985) have pointed out that using a computer-based audit to judge quality of care by individual physicians and hospitals may be problematic because of deficiencies in the data available. For example, Medicare claims data prior to 1984 contain only the principal diagnosis associated with the hospitalization and have been shown to contain a substantial number of errors (Institute of Medicine, 1979) .
A model for predicting the probability of readmission within 60 days after hospital discharge has been developed for the aged Medicare population by Anderson and Steinberg (1985) . They found that the probability of readmission was related to several clinical and demographic characteristics of the patient as well as to the size and location (urban vs. rural) of the discharging hospital. They suggest that this model can be applied by PRO's to identify hospitals with high readmission rates not attributable to case mix.
